Enrichment cultures in a mediumcontaining 0.1%methanol and 0.1%bicarbonate at pH7.0 underanaerobicconditionsin the light becamemainlygreenin color. Forty-four enrichment cultures, whichshowedabundant growth, wereobtained from 46 different sources and found to contain cells of methanol-utilizing bacteria andgreen algae as predominant members.Fromthese enrichment cultures, two strains of bacteria and two strains of algae were isolated.
Many species of the Rhodospirillaceae are able to grow on a medium containing various alcohols and bicarbonate under anaerobic conditions in the light.U2) Quayle and Pfennig3} reported the enrichment culture and isolation of several Rhodopseudomonas species capable of using methanol. During the course of our investigations, we found that green algae, such as Chlorella, and methanolutilizing bacteria became predominant when an enrichment culture on a mediumcontaining methanol and bicarbonate was carried out under anaerobic conditions in the light.
Enebo4) reported that the growth of Chlorella was enhanced in the presence of methane.
However, there has been no report that Chlorella is able to utilize reduced Cxcompoundsother than methane in the presence of bicarbonate. On the other hand, it is knownthat green algae in a symbiotic system with aerobic bacteria can grow well in an environment containing organic compounds. 5-9) jfcs paper deals with an enrichment culture on a mediumcontaining methanol and bicarbonate under anaerobic conditions in the light, the isolation of microorganisms by enrichment cultures, and the growth of mixed cultures constructed by mixing the isolated microorganisms.
MATERIALS AND METHODS
Microorganisms. Mixed cultures consisting of bacteria and green algae were obtained by an enrichment culture technique. Enrichment was performed in screw-capped 1 5 ml test tubes completely filled with the methanol-bicarbonate medium described below and incubated at 30°C with illumination of a light intensity of about 5000 lx from fluorescent lamps. Soil, mud and water samples from rice fields, ponds, rivers and sewage in Chiba Prefecture were inoculated into the tubes. Isolation and purification of microorganisms were achieved by serial dilution and repeated streaking on agar media with incubation at 30°C in the dark or the light. yeast extract, 0.1; the trace salt solution described above, 10ml. The medium described by Ichimuran) was used for C. vulgaris. The modified Bristol's medium supplemented with proteose-peptone was used for C. pyrenoidosa.12)
The medium of Watanabe10) was used for S. obliquus. For solid media, 1.5% agar was added to each medium.
Culture for growth studies. Mixed cultures were incubated in screw-capped 1. The carrier gas, nitrogen, was used at a flow rate of 30ml/ min. The number of bacteria was estimated by monitoring bacterial cells with a Petroff-Hausser's counting chamber, and that of algae with a Thoma's hemacytometer. The content of cellular protein was estimated by multiplying the nitrogen content obtained by the method of Kjeldahl.13) The crude fat content was obtained by extraction of freeze-dried cells with chloroform-methanol-water (4: 1 :3, by volume) for 24hr at room temperature. The ash content was estimated by burning freeze-dried cells in an electric muffle furnace at 500°C for 20hr.
RESULTS

Enrichment and isolation
As shown in Table I , when a mineral medium of neutral pH supplemented with ethanol, w-propanol or w-butanol was inocu- Table I . Enrichment Cultures Grown on Various Alcohols under Anaerobic Conditions in the Light Samples from ponds, sewage, rivers or rice fields were inoculated into screw-capped 15 ml test tubes filled with the basal medium, incubated at 30°C under anaerobic-light conditions, and then about 0.1 ml of incubation-mixtures was transferred 5 times into fresh medium every 5 to 7 days. Effect of methanol and bicarbonate on the growth of mixed cultures
As described above, a mixed culture consisting of Chlorella sp. A-l and bacterium No. 8 showed good growth on the methanolbicarbonate medium under anaerobic-light conditions. It is generally knownthat a methanol utilizer can oxidize methanol to carbon dioxide under aerobic conditions and that Chlorella can utilize carbon dioxide in the light but not bicarbonate. The effect of methanoland bicarbonate-concentration was examined by incubating the mixed culture in screwcapped 15ml test tubes with various concentrations of the carbon source. As shownin Tables IV and V, the mixed culture showed very poor growth in the absence of methanol and no growth occurred on incubation in the absence of bicarbonate. So, both methanol and bicarbonate were necessary for the growth of the mixed culture and the optimal concentration of bicarbonate and methanol were found to be 0.1% and 0.1 to 0.5%, respectively. The mixed culture grew normally in the medium containing these compoundsin the absence of vitamins or yeast extract. Requirement for both methanol and bicarbonate was observed in all the growth tests of original enrichment cultures.
Growthandpopulation of the microorganisms in the mixed culture The mixed culture formed by the combination of bacterium No. 8 and Chlorella sp.
A-l was chosen for growth studies since it showed the most homogeneousgrowth and the highest growth rate among mixed cultures reconstituted from the isolated microorganisms. The time course of the growth and population of the microorganisms in the mixed culture is shown in Fig. 1 . The maximum specific growth rate and the mass doubling time were found to be 0.092hr"1 and 7.5hr, respectively. The cell concentration increased until methanol was almost completely consumed, although the growth rate decreased throughout the cultivation from the maximum rate observed between 24 and 50 hr. There was a longer lag phase in algal growth than in bacterial growth. After 50hr cultivation, the ratio of the number of bacterial cells to that of algal cells remained constant. There have been many studies on mixed cultures capable of utilizing Cx-compounds.18~24) It has been reported that in these cultures cell yield or growth rate was improved. In all cases, however, it is matter of course that a large oxygen supply is necessary for microbial growth in a mixed culture. On the other hand, techniques of culturing Chlorella generally require a supply of CO2-rich air. 5'25'26) No attempt has been made to grow Chlorella in mass by using bicarbonate as a sole carbon source. For the culture of green algae in sewage, when carbon dioxide was supplied by introducing methane gas containing 30 per cent carbon dioxide, which was also produced by treatment of sewage, the multiplication of algal cells occurred actively in the first few days.5) Enebo4) reported that the growth of Chlorella was enhanced in the pres-ence of methane. However, there have been no detailed reports since then. The mixed cultures consisting of methanol-utilizing bacteria and green algae, obtained here, were extremely stable, needed no supply of air for growth, and showed good growth in a closed culture system accompanied by a high growth yield of0.8 to 1.1 g per g of methanol. In these cases, both methanol and bicarbonate were shownto be necessary for the growth of the mixed cultures. The reason is not clear at present but bicarbonate must be essential for initial growth of the mixed culture under anaerobic conditions in the light. Namely, algae generate oxygen and utilize carbon dioxide produced from bicarbonate in the following equilibrate reaction; CO2 ; * HCO3"; ' CO3"".27) On the other hand, bacteria incorporate oxygen thus generated and oxidize methanol to carbon dioxide. Furthermore, the change of pH of the culture fluid during the incubation affects the concentrations of CO2 and HCO3". The consumption of ammonium ions by organisms causes a drop of pH and a consequent shift in the equilibrium of the residual ions towards carbon dioxide. The equilibrium is formed again between carbon dioxide and bicarbonate. It is suggested that mixed cultures may be accomplished as described above.
